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(54) OPTICAL FIBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to evade the 
influence of an optical nonlinear phenomenon and the influence of 
material dispersion by providing the optical fiber with a core having a 
region of about several times of the wavelength of light and a clad 
having a diffraction grating of an inter-grating pacing equal to half the 
wavelength of the light. 

SOLUTION: This optical fiber has the core 1 having the region of 
about several times of the wavelength of the light and the clad 2 which 
is arranged around the core 1 and is provided with the diffraction 
grating having the inner- grating pacing equal to half the wavelength of 
the light in at least a circumferential region adjacent to the core 1 . The 
core 1 is a hole and the refractive index thereof is equal to the 
refractive index of air and is nearly 1 . The core 1 formed of the hollow 
hole is free from a factor to scatter the light and is, therefore, most 
preferable. The circumferential region adjacent to the core 1 is provided with the diffraction grating having 
the inter-grating pacing equal to half the wavelength of the light. Namely, the optical fiber is provided with a 
photonic band gap structure over a diameter 2b. The light may be confined and propagated in the core 1 in 
such a manner that the light does not propagate in the radial direction from the center of the core 1 of the 
optical fiber. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical fiber characterized by having the clad which prepared the core with an about several times as 
many field as the wavelength of light, and the diffraction grating which is arranged around said core and has a lattice 
spacing equal to one half of the wavelength of light in the perimeter field which adjoins a core at least. 
[Claim 2] The optical fiber according to claim 1 characterized by consisting of the grids structure to which the 
diffraction grating in said clad embedded the ingredient with a high refractive index into the medium with a low 
refractive index. 

[Claim 3] The optical fiber according to claim 1 characterized by consisting of the grids structure to which the 
diffraction grating in said clad embedded the ingredient with a low refractive index into the medium with a high 
refractive index. 

[Claim 4] The optical fiber characterized by having the clad which prepared the diffraction grating which has an about 
several times as many field as the wavelength of light, and is arranged around the core which is hollow, and said core, 
and has a lattice spacing equal to one half of the wavelength of light in the perimeter field which adjoins a core at least. 
[Claim 5] The optical fiber according to claim 4 characterized by consisting of the grids structure to which the 
diffraction grating in said clad embedded the ingredient with a high refractive index into the medium with a low 
refractive index. 

[Claim 6] The optical fiber according to claim 4 characterized by consisting of the grids structure to which the 
diffraction grating in said clad embedded the ingredient with a low refractive index into the medium with a high 
refractive index. 

[Claim 7] It is arranged around a core with an about several times as many field as the wavelength of light, and said 
core. It has the clad which prepared the diffraction grating which has a lattice spacing equal to one half of the 
wavelength of light in the perimeter field which adjoins a core at least. The optical fiber characterized by the refractive 
index of said core and the refractive index of the medium of said clad constituting said diffraction grating [ in / it is 
equal and / said clad ] from grids structure which embedded the ingredient with a high refractive index into the medium 
with a low refractive index. 

[Claim 8] Said grids structure is an optical fiber according to claim 1 to 7 characterized by being a matrix -like array. 
[Claim 9] Said grids structure is an optical fiber according to claim 1 to 7 characterized by being a triangle-like array. 
[Claim 10] Said grids structure is an optical fiber according to claim 1 to 7 characterized by being the array of a 
honeycomb configuration. 

[Claim 1 1] Said grids structure is an optical fiber according to claim 1 to 7 characterized by being a matrix-like array 
and being a cylinder or the grid configuration of a circular hole. 

[Claim 12] Said grids structure is an optical fiber according to claim 1 to 7 characterized by being a triangle-like array 
and being a cylinder or the grid configuration of a circular hole. 

[Claim 13] Said grids structure is an optical fiber according to claim 1 to 7 characterized by being the array of a 
honeycomb configuration and being a cylinder or the grid configuration of a circular hole. 
[Claim 14] All the fields of said clad are optical fibers according to claim 1 to 7 characterized by consisting of the 
diffraction grating which has a lattice spacing equal to one half of the wavelength of light. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the transmission medium used for an optical-communication network 
and optical signal processing in detail about an optical fiber. 
' [0002] 

[Description of the Prior Art] Drawing 1 is the sectional view showing the configuration of the conventional optical 
fiber. As for a core and 12, in drawing 1 , 1 1 is [ a clad and 13 ] jackets. 

[0003] Drawing 2 shows refractive-index distribution of the conventional optical fiber shown in drawing 1 . 2a', 2b 1 , 
and 2c express the diameter of a core, a clad, and a jacket, respectively, and are 4 micrometers, 15.9 micrometers, and 
125 micrometers as a typical value of a practical use fiber, respectively. 

[0004] delta n2 and delta n3 express the refractive-index difference of a core 1 1 and a jacket 13, and the refractive- 
index difference of a clad 12 and a jacket 13, respectively, and both typical values are 0.75% and 0. 1 1%. 
[0005] The core and the clad are constituted by quartz glass as main, and the conventional optical fiber for optical 
communication has the structure of raising the refractive index of a core by adding additives, such as GeOP2 [ 2 ]05, to 
a core, centralizing optical power on the core section, and making the light in an optical fiber spreading. 
[0006] In this conventional optical fiber, since the refractive index of the core 1 1 of a fiber is higher than the refractive 
index of a clad 12, the light which carried out incidence to the optical fiber according to this refractive-index difference 
is shut up by the core 1 1 of a fiber, and spreads the inside of an optical fiber. When the light by this refractive-index 
difference closes and it performs eye **, in order to fulfill the single mode conditions of the light to spread, a core 
diameter is as small as about 4 micrometers. However, it asks for offer of an optical fiber with a high capacity with the 
advancement of an optical-communication network and optical signal processing. 

[0007] T. A.Birks and others "Endless single-mode photonic crystal fiber", OpticsLetters and vol. 22, No. 13, and 
pp.96 1-963, 1997 and "Single-mode photonic crystal fiber with an indefinitely large core" and the core part which does 
not prepare a hole in Technical Digest of the 1998 Conference on Lasers and Electro-optics, CWE4, and pp.226-227, 
The optical fiber which consists of quartz glass equipped with the clad part which arranged the hole to the hexagon was 
indicated. According to this, although a core diameter is larger than the conventional optical fiber, a single mode 
property can be maintained. Also in this optical fiber, light is drawn by total reflection like [ the refractive index of a 
clad is smaller than the refractive index of a core, therefore ] the conventional optical fiber which does not have a hole. 
[0008] Since the core consists of quartz glass in the inside of such a conventional optical fiber in case a short light 
pulse and a high power lightwave signal are made to spread, there are various faults. That is, if the absorption by the 
impurity in quartz glass and dispersion, and the peak power of the lightwave signal further confined in incore exceed 
about lOmW, the spectral band width of a lightwave signal will increase, according to the self-phase modulation 
effectiveness by the optical nonlinear optical effect of quartz glass, and incidence power will be saturated by Brillouin 
scattering. Consequently, the saturation of the incidence power to distortion and the optical fiber of a light wave form 
arises. Therefore, degradation of the transmission characteristic of the lightwave signal which spreads the inside of an 
optical fiber is caused. Since the present low loss optical fiber also produces about 0.2dB [ f] loss of km, development 
of an optical fiber with still less attenuation of light is desired. 

[0009] On the other hand, the multi -dimension period structure by which the propagation property of light is influenced 
fundamentally, and the so-called photograph nick crystal are known with the frequency by the direction of polarization 
again. J. Indicate the resonant cavity which indicated the grids structure of a photograph nick crystal, and used the 
photograph nick band gap in U.S. Pat. No. 5,784,400 in D.Joannopoulous and. others, Photonic Crystals, Princeton 
University Press, pp. 122-126, and 1995. Ulrike Gruning and others indicates the optical structure using a photograph 
nick band gap in WO 97/04340 further again. However, it is not dependent on the refractive index of a core, and there 
is nothing that is being indicated about the optical fiber of the structure equipped with the clad which has a photograph 
nick band gap. 



[0010 ] 

'[P'rbblem(s) to be Solved by the Invention] The technical problem of this invention is to offer the optical fiber wjiich 
can avoid the effect of an optical nonlinear phenomenon, and the effect of material dispersion, therefore has big 
effectiveness in transmission of a high speed and high-power light 
[0011] 

[Means for Solving the Problem] this invention person found out that the optical fiber which has big effectiveness in 
transmission of a high speed and high-power light could be offered by having a core with an about several times as 
many field as the wavelength of light and the diffraction grating which has a lattice spacing equal to one half of the 
wavelength of light, i.e., the clad which has photograph nick band gap structure, in order to solve such a technical 
problem. 

[0012] That is, the optical fiber which is the 1st gestalt of this invention is arranged around a core with an about several 
times as many field as the wavelength of light, and a core, and is equipped with the clad which prepared the diffraction 
grating which has a lattice spacing equal to one half of the wavelength of light in the perimeter field which adjoins a 
core at least. 

[0013] Moreover, the optical fiber which is the 2nd gestalt of this invention has an about several times as many field as 
the wavelength of light, and is arranged around the core which is hollow, and a core, and is equipped with the clad 
which prepared the diffraction grating which has a lattice spacing equal to one half of the wavelength of light in the 
perimeter field which adjoins a core at least. 

[0014] The optical fiber which is the 3rd gestalt of this invention further again It is arranged around a core with an 
about several times as many field as the wavelength of light, and a core, and has the clad which prepared the diffraction 
grating which has a lattice spacing equal to one half of the wavelength of light in the perimeter field which adjoins a 
core at least. The refractive index of a core and the refractive index of the medium of a clad are equal, and the 
diffraction grating in a clad has the grids structure which embedded the ingredient with a high refractive index into the 
medium with a low refractive index. 

[0015] this invention - setting - a core - about several times of the wavelength of light - desirable - 10- it is a 50- 
micron field. By increasing a core about several times of the wavelength of light, permission incident light power of an 
optical fiber can be enlarged. 
[0016] 

[Embodiment of the Invention] The optical fiber by this example is shown in drawing 3 . In drawing 3 , a core 1 is a 
hole and air is contained in inside. As for a core 1, when it is a hole, a refractive index becomes the lowest, and the 
refractive index is about 1 equally to the refractive index of air. Since the core constituted from a hollow hole does not 
have the dispersion factor of light, it is the most desirable. 2 is a clad. This clad 2 has the photograph nick band gap 
structure of having the diffraction grating formed by arranging a hole in the shape of a matrix. 3 is the jacket prepared 
in the outside of a clad. 

[0017] Since the core 1 which signal luminous energy concentrates most is hollow, the optical fiber of this example 
does not have the dispersion factor of light. Therefore, in the optical fiber of this example, an about 0.01 dB [/km ] loss 
property with few [ far ] cores than loss of the conventional optical fiber which consists of quartz glass is expectable. 
[0018] As shown in drawing 3 , in the direction of a cross section, the optical fiber of this invention has grid-like 
structure, and maintains the same structure in the die-length direction. That is, the grid-like point is not distributed in 
three dimensions and the photograph nick band gap of three dimensions exists in homogeneity at a longitudinal 
direction, therefore - if the cross section of this fiber disregards fluctuation of the configuration by the creation process 
of an optical fiber - everywhere - it is the same structure and structure which intersects perpendicularly or crosss 
diagonally in the die-length direction of an optical fiber does not exist. That is, the point of the shape of a grid in the 
photograph nick band gap clad 2 of drawing 3 followed the longitudinal direction, has extended, and even if it cuts in 
which part of a longitudinal direction, it serves as the same cutting plane. 

[0019] In the conventional optical fiber shown in drawing 1 , since light is shut up into a core part comparatively 
strongly, if the refractive index of a core 1 1 is higher than a clad 12 (refractive-index difference: deltan3-deltan2) and it 
only expands only core diameter 2a' of a core 1 1, the single mode conditions in a core 1 1 will no longer be fulfilled. 
[0020] Although the basic mode in an optical fiber is the HE1 1 mode, it becomes the so-called multiraode fiber with 
which the HE12 or HE21 mode which is the higher mode occurs, and two or more modes exist in a core 11, and a 
transmission characteristic deteriorates as core diameter 2 a' is expanded. 

[0021] Luminous energy cannot be confined in a core 1 1 only by making the refractive index of a core 1 1 lower than 
the refractive index of a clad 12. 

[0022] So, in this invention, the diffraction grating which has a lattice spacing with a clad 2 equal to one half of the 
wavelength of light is prepared in the perimeter field which adjoins a core at least. That is, photograph nick band gap 
structure is prepared in the perimeter field which adjoins a core 1 at least among clads 2 covering diameter 2b. 
Photograph nick band gap structure may be prepared in all the fields of a clad 2. A clad 2 can consist of ingredients of 



die common use to clads, such as quartz glass. 

[0023] Drawing 4 is drawing showing the structure of a photograph nick band gap. Generally, the photograph nick 
band gap structure of three dimensions is a diffraction grating which carries out Bragg reflection of the light in all the 
directions, and it realizes by setting the lattice spacing of a diffraction grating as one half of the medium intrinsic-light 
wavelength to spread, as shown in drawing 4 . 

[0024] If this photograph nick band gap structure is prepared in the perimeter of a core 1 covering diameter 2b as 
shown in drawing 3 , a core 1 can be made to shut up and spread light so that light may not spread from the core of the 
core 1 of an optical fiber to radial. 

[0025] According to this invention, wavelength is alternatively shut up by the Bragg reflection of the diffraction grating 
from which light constitutes not total reflection but a photograph nick band gap. Therefore, it is more possible than the 
conventional technique to oppress the higher mode effectively, and even if it expands a core diameter, maintenance of 
single mode conditions is possible. 

[0026] In addition, the jacket may have what kind of refractive index. A jacket can consist of ingredients of the 
common use to a jacket. 

[0027] Drawing 5 and drawing 6 show the 2nd example of this invention. 

[0028] As shown in drawing 6 , it is larger than core diameter 2a' of the conventional fiber, and core diameter 2a of a 
core 1 is made into about several times of the wavelength of light. A clad 2 has the photograph nick band gap structure 
of having the diffraction grating formed by arranging a hole in the shape of a matrix. The refractive index of the 
medium of a clad 2 is set up more highly than the refractive index of the grid part of the diffraction grating of the 
photograph nick crystal of a clad 2, and both refractive-index difference is set to deltanl. 3 is the jacket of diameter 2c 
prepared in the outside of a clad 2. 

[0029] A core 1 can be constituted from an ingredient of the common use to cores, such as quartz glass, and can lower 
the refractive index of a core about 0.5% by adding a fluorine to a core 1. 

[0030] As for a core 1, when it is a hole, a refractive index becomes the lowest, and the refractive index is about 1 
equally to the refractive index of air. Since the core constituted from a hollow hole does not have the dispersion factor 
of light, it is the most desirable. 

[003 1] Photograph nick band gap structure as well as the 1st example may be prepared in all the fields of a clad 2. A 
clad 2 can consist of ingredients of the common use to clads, such as quartz glass. 

[0032] The jacket may have what kind of refractive index. A jacket can consist of ingredients of the common use to a 
jacket. 

[0033] The optical fiber of this example had the permission incident light power which is a single mode and was raised. 
[0034] Drawing 7 and drawing 8 show the 3rd example of this invention. 

[0035] As shown in drawing 7 and drawing 8 , the core 1 and the medium of a clad 2 were made into the same 
refractive index, i.e., the same quality of the material. A refractive index embeds an ingredient only with deltan3 
[ high ] with the gestalt of grids structure into the medium which constitutes a clad, without making the grid part of the 
diffraction grating of the photograph nick crystal in a clad 2 into a hole. 

[0036] Thereby, photograph nick band gap structure is realizable from the refractive-index difference deltan3. 
[0037] The jacket 3 was formed in the perimeter of a clad 2. The jacket may have what kind of refractive index, and 
can constitute it from an ingredient of common use. 

[0038] It had the permission incident light power to which the optical fiber of this example is also a single mode, and 
was raised. 

[0039] Since the grid which constitutes a photograph nick band gap is filled up with the ingredient with a refractive 
index higher than a perimeter instead of a hole according to this example, it has the advantage of being easy to maintain 
a fiber at a configuration more fixed than the case where the configuration of a grid is a hole, in the process which 
draws a line from preforming at the same time the mechanical strength of the whole fiber increases. 
[0040] The diffraction grating of the photograph nick crystal which constitutes a photograph nick band gap will not be 
especially limited, if it is the grids structure which can be shut up in a core 1 as light does not spread from the core of 
the core 1 of an optical fiber to radial. 

[0041] Drawing 9 is the grids structure which arranged the ingredient with a high refractive index in the shape of a 
matrix, and embedded it into the medium with a low refractive index. 

[0042] Drawing 10 is the grids structure which arranged the ingredient with a low refractive index in the shape of a 
matrix, and embedded it into the medium with a high refractive index. 

[0043] Drawing 1 1 is the grids structure which arranged the ingredient with a high refractive index in the shape of a 
triangle, and embedded it into the medium with a low refractive index. 

[0044] Drawing 12 is the grids structure which arranged the ingredient with a low refractive index in the shape of a 
triangle, and embedded it into the medium with a high refractive index. 



[0045] Drawing 13 is the grids structure which arranged the ingredient with a high refractive index in the shape of a 
honeycomb, and embedded it into the medium with a low refractive index. 

[0046] When quartz glass is used as an ingredient of an optical fiber, a refractive index can be made high by the 
following approaches, or it can be made low. 

[0047] 1) When making a refractive index high : add Ge02 to quartz glass, or (0.33 - 2% of refractive-index 
differences) add P205 (0.33 - 1% of refractive-index differences). 

[0048] 2) When making a refractive index low : consider as whether F (fluorine) is added to quartz glass, and a hole 
(0.5% of refractive-index differences) (44% of refractive-index differences). 

[0049] Therefore, the grid of a photograph nick band gap can be constituted by making high the refractive index of the 
above 1 and 2-, or combining two of three alternative containing the approach which has ****ed low enough and is 
carried out, and pure quartz glass. 

[0050] Moreover, a grid configuration is not limited to a cylinder (circular hole), is good also as a configuration of the 
triangle pole (Ko Misumi), the square pole (square hole), a hexagonal prism (six square holes), etc., and can realize a 
photograph nick band gap in any configuration. 

[005 1 ] When an ingredient with, a high refractive index is embedded into a medium with a low refractive index and it 
constitutes a diffraction grating, the refractive index of a core may be made equal to the refractive index of the medium 
of a clad. 

[0052] It is not necessary to prepare especially a jacket, and in the optical fiber of this invention, as usual, although a 
jacket may be further prepared in the outside of a clad, as long as the clad of photograph nick band gap structure is 
sufficient reinforcement to protect a core, the clad of photograph nick band gap structure itself may be thickened so that 
it may have sufficient reinforcement. When it considers as such structure, all the parts of the fiber except a core serve 
as photograph nick band gap structure. 

[0053] The optical fiber of this invention can be manufactured by applying the conventional polarization maintenance 
fiber manufacturing technology. The structure of a polarization maintenance fiber is shown in drawing 14 . In drawing 
14 , Al is [ the stress grant section and A3 of a core and A2 ] clads. First, a hole is beforehand established in the part 
equivalent to the stress grant section A2 of preforming of the optical fiber before drawing a line in a fiber. Next, this 
hole part is filled up with the ingredient for stress grant, and a polarization maintenance fiber can be manufactured by 
drawing a line in preforming after that. 

[0054] The clad of photograph nick band gap structure can be manufactured by the same technique as the 
manufacturing technology of this polarization maintenance fiber. In the case of this invention, a line is drawn in a fiber 
next, with the hole left established in the part which is equivalent to a photograph nick band gap in the phase of 
preforming. 

[0055] It manufactures using the glass rod of the shape of two or more hexagon as the manufacture approach replaced 
with it. or [ first, / that the amount of core is a hole as shown in drawing 15 ] or the glass rod of the shape of a 
hexagon filled up with the matter with which refractive indexes differ is prepared, and this glass rod is shown in 
drawing 16 below — as — two or more — bundling — a cross section — exactly — a swage block — it is made a **. And 
the optical fiber of this invention can be manufactured by extending the bundle of the glass rod bundled in the shape of 
[ of a bee ] a blow hole. 
[0056] 

[Effect of the Invention] The optical fiber of this invention by making the refractive index of a core higher than the 
refractive index of a clad By making it the structure equipped with the clad which has photograph nick band gap 
structure, without being dependent on the refractive index of a core unlike the conventional optical fiber which shuts up 
and spreads to a core the light which carried out incidence The effect of an optical nonlinear phenomenon and the effect 
of material dispersion can be avoided, therefore it can respond to transmission of a high speed and high-power light. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the optical fiber of the conventional example. 

[Drawing 2] It is the refractive-index distribution map of the optical fiber shown in drawing 1 . 

[Drawing 3] It is the sectional view showing one example of the optical fiber by this invention. 

[Drawing 4] It is the sectional view showing the configuration of a photograph nick band gap. 

[Drawing 5] It is the sectional view showing other examples of the optical fiber by this invention. 

[Drawing 6] It is the refractive-index distribution map of the optical fiber shown in drawing 5 . 

[Drawing 7] It is the sectional view showing other examples of the optical fiber by this invention. 

[Drawing 8] It is the refractive-index distribution map of the optical fiber shown in drawing 7 . 

[Drawing 9] It is the sectional view showing the example of the configuration of the array of a diffraction grating. 

[Drawing 10] It is the sectional view showing other examples of the configuration of the array of a diffraction grating. 

[Drawing 1 1] It is the sectional view showing other examples of the configuration of the array of a diffraction grating. 

[Drawing 12] It is the sectional view showing other examples of the configuration of the array of a diffraction grating. 

[Drawing 13] It is the sectional view showing other examples of the configuration of the array of a diffraction grating. 

[Drawing 14] It is the sectional view showing the structure of a polarization maintenance fiber. 

[Drawing 15] or [ that the amount of / which is used for manufacture of the optical fiber of this invention / core is a 

hole ] -- or it is the sectional view of the glass rod of the shape of a hexagon filled up with the matter with which 

refractive indexes differ. 

[Drawing 1 6] It is the sectional view of the glass rod of two or more shape of a hexagon bundled in the shape of [ of a 
bee ] a blow hole. 
[Description of Notations] 

1 1 1 Core 

2 12 Clad 

3 13 Jacket 
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